length (L H ) (all in mm) were taken under a binocular microscope. Body measures were 102 standardised to body muscle length (L M ). The L M was measured from the end of the 103 chleitrum to the end of the notochord (L N -L H ). All L M measures were standardised to the 104 length in the preserving formalin solution, using a conversion based on fresh larvae 105 measured before and after placing them in that solution for 4 days (unpubl. data). 106 The R/D was used as biochemical CI. Analyses were performed "mainly" on muscle 107 tissue of individual defrozen larvae (heads and guts were discarded prior to processing) 108 and analysed following Berdalet et al. (2005b) . 109
The histological CI was published by Catalán and Olivar (2002) and is based on the 110 semi-automatic detection of the percentage muscle fibre separation (MFS), applied to 3 111 µm saggital sections of Historesin (Leica)-embedded trunk muscle containing 4-6 112 myotomes and died with Lee's Lee's methylene-blue basic fuchin. 113
As morphometric CI, we selected the body depth at the anus level (D A ). Size effects are 114 not important if age is known ( Fig. 1a ) but it is not the case if age is unknown ( Fig. 1b ) 115
as it happens in field samples. To account for allometric effects, the morphological 116 factor of each individual (D A ) was scaled to a common body size of the larval pool to be 117
analysed (Lleonart et al. 2000) . We divided the larvae into two groups to account for the 118 two-phase growth observed in Fig. 2b . We selected the day at which no remnants of 119 maternal reserved were observed (13 DAH) as a cut point. Allometry between L M and 120 D A for each treatment and period was explored by fitting the equation
where b is the allometric factor, and a is the expected value of D A at L M = 1. The values 125 a, b and the standard deviations (in ln-transformed units) were first calculated, and the 126 existence of allometry tested through a T-test. If significant slopes did not differ from 1, 127 the ratio D A /L M was used, as ratios are uncorrelated with size in isometric growth. 128 Otherwise, the D A of each individual was normalised (D AZ ) following Lleonart et al. 129 (2000) , according to 130 131
where L M0 is the selected reference L M and b is the allometric parameter which relates 134 Whitney tests for MFS due to the non-normality of the residuals. Their dynamics was 146 modelled using standard regression analysis. 147
The "power" of each CI to assign a particular larva to its feeding treatment was assessed 148 through linear Discriminant Analysis (DA). The DA was applied separately to the two 149 developmental periods. As the sample size and sampling frequency differed for each 150 index, two DA were applied: i) a conservative DA using coincident sampling days and 151 sample size (scaling down the data by data point elimination to the number of data  152 points of the CI with the lowest number of observations); ii) a second DA using all 153 available data. The DA was performed setting a priori classification probabilities 154
proportional to group sizes and with no cross-validation. 155
As no estimates of muscle dry weight was available, a volumetric proxy was used to 156 estimate a daily muscle potential growth (G MP ). For each day, it was measured as the 157 expected absolute (G MP , mm 3 day -1 ) or relative (% G MP ) change in average muscle 158 volume in the following day. The muscle volume was as assimilated to a cylinder 159 according to 160 161
where V M is muscle volume (mm 3 ). G MP was calculated as 164 165
where T 1 and T 2 are time 1 and time 2 in days. The G MP was used to estimate V M at the 168 following day (where gaps > 1 day appeared), and the % G MP was estimated according 169 to 170 171
The average V M , G MP and % G MP were calculated for each day in the subsets of larvae in 174 White fibres make the bulk of the preflexion muscle mass (Alami-Durante et al. 2006), 185 and they are independent of small temperature differences during pre-flexion stages 186 (Veggetti et al. 1990; Alami-Durante et al. 2006) . Therefore, the skeletal muscle is an 187 ideal tissue to study the effects of suboptimal feeding. Growth and survival was similar 188 within replicated treatments (Olivar et al. 2000) and almost no larval mortality occurred 189 in the fed larvae after 9 DAH. The major developmental events appear in Fig. 2 . 190 191 3.1 Size-independence and choice of indices 192 193
The removal of size effects was successful. For any given feeding treatment, there were 194 no significant differences in the L M (ln-transformed) vs age relationships among groups 195 of larvae used for the three CIs (GLM, age taken as covariate). For both R/D and MFS, 196 no significant correlations with L M were observed in fed or non-fed larvae in any period. 197
However, a positive (R/D: r s = 0.79, n = 14, p < 0.0001) and negative (MFS: r s = -0.70, 198 n = 24, p < 0.001) correlation was found in the late-feeding larvae. This is considered 199 unavoidable in cases of sharp growth increase, and suggests that, in field studies, CIs 200
should only be used in case of smooth growth functions. The DNA/RNA slope ratio of 201 the standard curve was 3.965. 202
For the morphometric index, relationships between D A and L M were significant for the 203 period ≤ 13 DAH, (fed: Ln D A = 1.015 · Ln L M -2.837, F 1,41 , p < 0.005; non-fed: Ln D A 204 = 0.698 · Ln L M -2.413, F 1,24 , p < 0.05). The lack of among-treatment significance in 205 slopes or means (GLM) enabled pooling the groups for that first period. For larvae > 13 206 DAH, only the D A of non-fed larvae was uncorrelated with L M . The remaining groups 207
were significantly related (fed: Ln D A = 1.827 · Ln L M -4.019, F 1,66 , r 2 = 0.923, p < 208 0.05; non-fed: Ln D A = 1.832· Ln L M -4.00, F 1,23 , p < 0.05). As no significant 209 differences in slopes or means between fed and late-feeding larvae were found (GLM) 210
and non-fed larvae had a very short size range ( Fig. 1b) , larvae were pooled for this 211 period too ( Fig. 1c ). Slopes of the pooled groups differed between the two periods 212 (GLM; slopes: F 1,184 , p < 0.05). Growth of D A was isometric (H 0 : β = 1, p = 0.56) in 213 larvae ≤ 13 DAH, so ratios were derived to obtain D AZ . Larvae > 13 DAH showed a 214 strong allometric development ( Fig. 1c ), hence the method by Lleonart et al. (2000) was 215
applied to obtain D AZ , selecting a L M0 of 5 mm L M , which was the mean of the L M 216 distribution for all treatments. The resulting D AZ values showed no correlation with L M 217 in the control group for any of the periods. 218 219 220 221
3.2 Comparison of indices properties 222 223
3
.2.1 Latency and dynamics 224 225
In Fed larvae, all CIs but R/D were stable through age and developmental period ( Fig.  226 2). Non-fed larvae tended to show lower mean R/D values with respect to fed larvae 227 ( Fig. 2a ). The MFS of non-fed larvae remained low until 10 DAH, increasing rapidly 228 afterwards ( Fig. 2b) , which implies a similar latency to that of R/D (7-10 days). The 229 concurrent decrease in mean R/D values in fed (-30%) and non-fed (-54%) larvae until 230 10 DAH was due to a higher increase rate in DNA content prior to that day (93% in fed, interpret in terms of latency for the non-fed larvae (Fig. 2c ). For late-feeding larvae, 236 latency for mean R/D was 2 days, whereas for median MFS was 2-4 days ( Fig. 2a,b ). 237
Latency values for mean D AZ could not be computed (Fig. 2c ). 238
The R/D dynamics of non-fed larvae showed a constant decrease from 6 DAH, except 239
for an increase on days 13 and 14 ( Fig. 2a ). In these days, a high DNA content was 240 detected in some larvae (not shown) but the cause for this is unknown. The R/D was the only CI able to detect feeding differences in larvae ≤ 13 DAH, 254
correctly classifying up to 69% of fed and 77% of non-fed larvae ( G MP were not significant for any index. The D AZ showed no clear relationship with 270 potential growth. Mortality rates were below 5% before 17 DAH. At 17 DAH, M was 271 9.3%, marking the initiation of the starvation-induced mass larval mortality (Fig. 2) . 272
Correlations of CIs of non-fed larvae with M were significant for R/D and MFS (Table  273 3) but could not be computed for D AZ due to the size standardisation method. However, 274
from Fig 2c it can be inferred that there was not a relationship between D AZ and survival 275 in the non-fed larvae. 276
In general, the relationships between good values of R/D and MFS and high growth 277
rates supports the suitability of these indices for field studies in the frame of the growth-278 mortality hypothesis (e.g. Anderson 1988). Further, the comparable relationship of R/D 279 and MFS with M suggests that these indices are not only related to growth but to 280 starvation-induced physiological thresholds directly causing mortality. This, however, 281
was not the case for D AZ , which did not encompass the mass mortality event (Fig. 1a ). 282
Further work on the effect of suboptimal feeding on muscle development at different 283 time scales in a frame of physiological ecology is guaranteed. 284 285 286
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Significance differences among treatments are indicated by different letters (p < 0.05), using either t-518 tests (2 groups) or ANOVA (3 groups) with HSD for unequal number of observations. 519 520 Fig. 2 . Relationship between percentage survival of non-fed larvae and the biochemical 521 (a), histological (b) and morphometrical (c) condition indices for that treatment. 522
Symbols, color codes and statistical tests as for Fig. 1 , except for MFS, for which values 523 are medians, errors are interquartilic ranges, and statistics are non-parametrical (Mann-524
Whitney for 2 groups and Kruskall-Wallis for 3 groups). The feeding scheme is 525 indicated: R= rotifers, A 0 = Artemia nauplii, A 1 = 1 day-old Artemia metanauplii. 
